Introduction
Columnar and single crystal castings of Ni-base superalloy have begun to be used for gas turbine airfoils of jet engines. 
Assumptions

1)
The thermal properties of the castings and the mold (density, specific heat and thermal conductivity) are fixed independent of temperature.
2)
The temperature of the atmosphere is fixed in the susceptor and outside the susceptor, respectively.
3) The heat flow between the mold and the atmosphere, and between the castings and the atmosphere is dealt with as a Newton type heat transmission and apparent heat transfer coefficients are used.
4) Apparent heat transfer coefficients are fixed inside and outside the susceptor, respectively.
5)
Heat resistance between the castings and the mold is zero (infinite heat transfer coefficient).
Calculation
In calculation for the purpose of modeling the withdrawal of the mold, we changed apparent heat transfer coefficient and atmospheric temperature as a function of time and distance from the chillplate.
In Fig.   1 The Effect of the Casting Shape on the Temperature Gradient
In Fig. 5 and Fig. 6 the change of the temperature gradient with the progress of solidification is illustrated. In Fig. 6 is shown the change of the thermal gradient when the susceptor temperature was changed from 135O'C to 1800°C.
At the point of section enlargement, namely at the distance of 8 cm from the chillplate, the temperature gradient abruptly decreases. The decrease is larger for higher susceptor temperature.
In Fig. 5 the withdrawal velocity is changed, where the same tendency as in Fig. 6 is observed.
Up to the withdrawal velocity of 20 cm/h the curves are nearly identical with each other.
Low gradient appears only at 50 cm/h. The Shapes and Location of Solidification Front Fig. 9 shows the shapes of solidification front obtained by calculation. The location of the solidification front is 9 cm distant from the chillplate. Up to the withdrawal velocity of 10 cm/h the shape is convex, and at a higher velocity, it becomes concave. This is because the position of the solidification front deviates downward when the withdrawal velocity is high. (Fig.  12 ) When the location of the solidification front is outside the susceptor, the mold is cooled from outside, which brings about solidification from the mold wall and hence, a possibility of new crystal formation. In Fig. 12 2)
The calculated temperature gradient in the liquid ahead of the interface increased in proportion to the heating temperature of mold above liquidus, and the experimental values agreed well with the calculated values.
3) The temperature gradient decreases at an enlarged section and the position of solidification front deviates toward the outside of the susceptor.
4) On calculation
the values of temperature gradient decrease abruptly when the withdrawal velocity exceeds a limit. 
